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Major Recommendations 

ACR Appropriateness Criteria (R) 

Shoulder Pain—Traumatic 

Variant 1 : Traumatic shoulder pain. Any etiology. Initial imaging. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

X-ray shoulder 

Usually Appropriate 

¥ 

CT arthrography shoulder 

Usually Not Appropriate 


CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


CT shoulder without IV contrast 

Usually Not Appropriate 

Y'i*' 

FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MR arthrography shoulder 

Usually Not Appropriate 

0 








































MRI shoulder without Iv contrast 

Relative Rajqiation Level 




Tc-99m bone scan shoulder 

Usually Not Appropriate 


US shoulder 

Usually Not Appropriate 

0 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 2 : Traumatic shoulder pain. Nonlocalized shoulder pain. Negative radiographs. Next imaging 
study. 


Procedure 

Appropriateness Category 

Relative Radiation 
Level 

MRI shoulder without IV contrast 

Usually Appropriate 

0 

CT arthrography shoulder 

May Be Appropriate 


MR arthrography shoulder 

May Be Appropriate 

0 

US shoulder 

May Be Appropriate 
(Disagreement) 

0 

CT shoulder without IV contrast 

Usually Not Appropriate 


CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV 
contrast 

Usually Not Appropriate 


FDG-PET/CT skull base to mid thigh 

Usually Not Appropriate 


MRI shoulder without and with IV 
contrast 

Usually Not Appropriate 

0 

Tc-99m bone scan shoulder 

Usually Not Appropriate 



Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 
Variant 3 : Traumatic shoulder pain. Radiographs show humeral head or neck fracture. Next imaging study. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

CT shoulder without IV contrast 

Usually Appropriate 


MRI shoulder without IV contrast 

Usually Not Appropriate 

0 

CT arthrography shoulder 

Usually Not Appropriate 


CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MR arthrography shoulder 

Usually Not Appropriate 

0 

MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

Tc-99m bone scan shoulder 

Usually Not Appropriate 


US shoulder 

Usually Not Appropriate 

0 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 
Variant 4 : Traumatic shoulder pain. Radiographs show scapula fracture. Next imaging study. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

CT shoulder without IV contrast 

Usually Appropriate 


MRI shoulder without IV contrast 

Usually Not Appropriate 

0 












































CT arthrography Bhoabtbrre 

A hiaWe h ^40$) Cqpti^e ry 

Relativeikttjcltiitton Level 

CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 

^ V'V' 

FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MR arthrography shoulder 

Usually Not Appropriate 

0 

MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

Tc-99m bone scan shoulder 

Usually Not Appropriate 


US shoulder 

Usually Not Appropriate 

0 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 
Variant 5 : Traumatic shoulder pain. Radiographs show Bankart or Hill-Sachs lesion. Next imaging study. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

MR arthrography shoulder 

Usually Appropriate 

0 

MRI shoulder without IV contrast 

Usually Appropriate 

0 

CT arthrography shoulder 

May Be Appropriate 


CT shoulder without IV contrast 

May Be Appropriate 

v V 

CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

Tc-99m bone scan shoulder 

Usually Not Appropriate 


US shoulder 

Usually Not Appropriate 

0 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 6 : Traumatic shoulder pain. Radiographs normal. Physical examination and history consistent with 
dislocation event or instability. Next imaging study. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

MR arthrography shoulder 

Usually Appropriate 

0 

MRI shoulder without IV contrast 

Usually Appropriate 

0 

CT arthrography shoulder 

May Be Appropriate 


CT shoulder without IV contrast 

May Be Appropriate 


CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

Tc-99m bone scan shoulder 

Usually Not Appropriate 


US shoulder 

Usually Not Appropriate 

0 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 7 : Traumatic shoulder pain. Radiographs normal. Physical examination findings consistent with 
labral tear. Next imaging study. 









































Procedure 

Appropriateness Category 

Relative Radiation Level 

MR arthrography shoulder 

Usually Appropriate 

0 

CT arthrography shoulder 

Usually Appropriate 


MRI shoulder without IV contrast 

Usually Appropriate 

0 

CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


CT shoulder without IV contrast 

Usually Not Appropriate 


FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

Tc-99m bone scan shoulder 

Usually Not Appropriate 


US shoulder 

Usually Not Appropriate 

0 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 8 : Traumatic shoulder pain. Radiographs normal. Physical examination findings consistent with 
rotator cuff tear. Next imaging study. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

MRI shoulder without IV contrast 

Usually Appropriate 

0 

MR arthrography shoulder 

Usually Appropriate 

0 

US shoulder 

Usually Appropriate 

0 

CT arthrography shoulder 

May Be Appropriate 


CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


CT shoulder without IV contrast 

Usually Not Appropriate 


FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

Tc-99m bone scan shoulder 

Usually Not Appropriate 



Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 9 : Traumatic shoulder pain. Radiographs already performed. Physical examination consistent with 
vascular compromise. Next imaging study. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

CTA shoulder with IV contrast 

Usually Appropriate 


Arteriography shoulder 

Usually Appropriate 


US duplex Doppler shoulder 

May Be Appropriate 

0 

CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


CT shoulder without IV contrast 

Usually Not Appropriate 

V V 

FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MRA shoulder with IV contrast 

Usually Not Appropriate 

0 

MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

MRI shoulder without IV contrast 

Usually Not Appropriate 

0 

Tc-99m 3-phase bone scan shoulder 

Usually Not Appropriate 














































Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 

Variant 10 : Traumatic shoulder pain. Radiographs already performed. Neuropathic syndrome (excluding 
plexopathy). Next imaging study. 


Procedure 

Appropriateness Category 

Relative Radiation Level 

MRI shoulder without IV contrast 

Usually Appropriate 

0 

Tc-99m bone scan shoulder 

May Be Appropriate 


CT shoulder without IV contrast 

Usually Not Appropriate 


CT arthrography shoulder 

Usually Not Appropriate 


CT shoulder with IV contrast 

Usually Not Appropriate 


CT shoulder without and with IV contrast 

Usually Not Appropriate 


FDG-PET/CT skull base to mid-thigh 

Usually Not Appropriate 


MR arthrography shoulder 

Usually Not Appropriate 

0 

MRI shoulder without and with IV contrast 

Usually Not Appropriate 

0 

US shoulder 

Usually Not Appropriate 

0 


Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field. 
Summary of Literature Review 

Introduction/Background 

Traumatic shoulder pain is shoulder pain believed to be directly attributed to a traumatic event, either 
acute or chronic. This pain may be the result of either fracture (the clavicle, scapula, or proximal 
humerus) or soft-tissue injury (most commonly of the rotator cuff, acromioclavicular ligaments, or 
labroligamentous complex). The incidence of traumatic shoulder injuries is difficult to determine because 
some injury types, such as low-grade acromioclavicular separations or acute rotator cuff tears, are likely 
under-reported because patients do not seek immediate medical treatment. However, as with many 
traumatic injuries, traumatic shoulder pain tends to disproportionately involve young adults and male 
patients. 

The etiology of traumatic shoulder pain can often be made based on clinical examination, radiographs, 
and mechanism of injury. Traumatic shoulder injuries can generally be separated into injuries requiring 
acute surgical management and injuries in which conservative management can be attempted prior to 
considering surgical treatment. Unstable or significantly displaced fractures and joint instability are 
injuries most likely requiring acute surgical treatment. Most soft-tissue injuries (such as labral tears and 
rotator cuff tears) can undergo a period of conservative management prior to considering surgery. 
However, in addition to the specific imaging findings related to a traumatic injury, indications and timing 
of surgical treatment of many traumatic shoulder injuries are dependent on patient age, comorbidities, 
current activity level, and expected activity level. 

Imaging of chronic shoulder pain is beyond the scope of this topic and will be covered in the upcoming 
ACR Appropriateness Criteria® titled "Shoulder Pain-Atraumatic." 

Discussion of Procedures by Variant 

Variant 1: Traumatic Shouider Pain. Any Etiology. Initial Imaging 
Radiography 

Radiographs are the preferred initial study performed in the setting of traumatic shoulder pain. They can 
delineate shoulder malalignment and most shoulder fractures. A standard set of shoulder radiographs for 
trauma should include at least three views: anterior-posterior (AP) views in internal and external rotation 
and an axillary or scapula-Y view. Axillary or scapula-Y views are vital in evaluating traumatic shoulder 



















injuries as acromioclavicular and glenohumeral dislocations can be misclassified on AP views. Radiographs 
provide good delineation of bony anatomy to assess for fracture and appropriate shoulder alignment, 
which are the two primary concerns in management of acute traumatic shoulder pain. Radiographs should 
also be performed upright since malalignment of the shoulder can be under-represented on supine 
radiographs. Additional views, such as the Bernageau view, have been shown to be effective in 
demonstrating the degree of bone loss of the glenoid or humeral head. 

CT 

Computed tomography (CT) is better able than radiographs to characterize fracture patterns. However, 
radiographs are preferred over CT for initial evaluation because radiographs are able to diagnose 
displaced fractures and shoulder malalignment, which are the primary concerns in the initial assessment 
of shoulder trauma. CT is considered inferior to MRI for diagnosing essentially all soft-tissue shoulder 
injuries. 

CT Arthrography 

CT arthrogram, although not the initial study of choice, has the advantage of characterizing both bony 
lesions and significant soft-tissue injuries. CT arthrograms have been shown to be comparable to 
magnetic resonance (MR) arthrography in diagnosing Bankart, Hill-Sachs, superior labral anterior-to- 
posterior (SLAP), and full-thickness rotator cuff tears, but inferior to MR arthrography for diagnosing 
partial-thickness rotator cuff tears, including bursal-sided tears. CT arthrography has also only 
demonstrated modest agreement between observers in diagnosing anterior capsular laxity of the 
shoulder. 

MRI 


Noncontrast MR imaging (MRI) has been shown to be effective in assessing bony morphology and bone 
loss in patients with traumatic shoulder injuries, and noncontrast MRI is effective in diagnosing most 
traumatic soft-tissue pathologies including labral, rotator cuff, and glenohumeral ligament injuries. 

MR Arthrography 

MR arthrography is considered the gold standard for imaging traumatic shoulder pain. MR arthrography is 
comparable to noncontrast MRI in assessment of extra-articular soft tissues, and MR arthrography has 
been shown to be superior to noncontrast MRI in diagnosing intra-articular pathology like SLAP tears, 
labroligamentous injuries, and partial rotator cuff tears. MR arthrography is comparable to CT in 
evaluating traumatic osseous lesions, such as bony Bankart and Hill-Sachs lesions. However, the need for 
an invasive procedure makes MR arthrography a suboptimal initial study. 

US 

Ultrasound (US) has limited usefulness in patients with traumatic shoulder pain that cannot be localized 
to the rotator cuff or biceps tendon. US is comparable to MRI in evaluating full-thickness rotator cuff tears 
and rotator cuff atrophy. However, US is inferior to MRI in evaluating partial-thickness rotator cuff tears 
and other intra-articular pathology. Diagnosis of proximal humerus fractures by US has been described, 
but US is not generally considered a preferred imaging modality for assessing osseous pathology, which 
are of primary concern in initial assessment of traumatic shoulder pain. 

FDG-PET/CT 

Positron emission tomography (PET) (usually using the fluorine-18-2-fluoro-2-deoxy-D-glucose [FDG] 
tracer) imaging is rarely used in assessment of traumatic shoulder pain. FDG-PET is sensitive for 
inflammation, and a correlation has been found between radiotracer activity and degree of shoulder pain. 
However, increased radiotracer activity may be due to infectious, traumatic, inflammatory, or neoplastic 
processes, making this activity a nonspecific finding. FDG-PET imaging as an isolated modality has 
relatively poor resolution for pathology localization compared with other imaging modalities; however, 
FDG-PET imaging can be performed in conjunction with MRI or CT for better localization of radiotracer 
activity. FDG-PET in combination with CT (FDG-PET/CT) is sensitive for identifying fractures, and it has 



been shown to be reliable in differentiating benign from malignant pathologic fractures. FDG-PET/CT 
imaging is not routinely performed for characterization of soft-tissue injuries of the shoulder. Indirect 
identification of symptomatic rotator cuff tears has been described on FDG-PET/CT by decreased 
radiotracer activity in the muscles of the torn tendons and increased activity of surrounding shoulder 
girdle muscles due to muscle recruitment. Other soft-tissue injuries, such as labral and cartilage injuries, 
have not been described using FDG-PET/CT. 

Bone Scan 

Tc-99m bone scintigraphy is rarely used in the assessment of traumatic shoulder pain. Bone scintigraphy 
demonstrates increased activity in many post-traumatic shoulder pathologies, such as fracture, rotator 
cuff tear, or adhesive capsulitis. Bone scintigraphy as an isolated modality has relatively poor resolution 
for pathology localization compared with other imaging modalities; however, bone scintigraphy can be 
performed in conjunction with MRI or CT for better localization of radiotracer activity. Bone scintigraphy 
has sensitivity and specificity comparable to MRI in diagnosis of occult bone fractures, and it can be used 
to identify other foci of bone involvement in pathologic fractures due to metastatic disease. Increased 
radiotracer activity has been associated with symptomatic rotator cuff tears, but bone scintigraphy 
appearance of other soft-tissue injuries of the shoulder have not been well described. 

Variant 2: Traumatic Shouider Pain. Noniocalized Shoulder Pain. Negative Radiographs. Next Imaging 
Study 

Appropriately positioned radiographs can exclude shoulder dislocation and most displaced fractures as the 
etiology for post-traumatic shoulder pain. In the setting of normal shoulder radiographs, the most 
common causes of post-traumatic shoulder pain are soft-tissue injuries such as rotator cuff and labral 
tears. 

MRI 


Noncontrast MRI is a reasonable imaging study in the setting of acute noniocalized traumatic shoulder 
pain and noncontributory radiographs. In the acute trauma setting, noncontrast MRI may be preferred to 
MR arthrography, as acute intra-articular pathology will typically produce significant joint effusion for 
assessment of intra-articular soft-tissue structures. MRI is the preferred imaging modality in assessing 
extra-articular soft-tissue traumatic pathology such as capsular and ligament tears. MRI is also sensitive 
for diagnosing bone marrow contusion and has been shown to be beneficial in assessing shoulder physeal 
injuries in pediatric patients. 

MR Arthrography 

MR arthrography has been found to be superior to noncontrast MRI in the diagnosis of labroligamentous 
and partial-thickness rotator cuff tears. In the acute trauma setting, however, noncontrast MRI may be 
preferred to MR arthrography because acute intra-articular pathology will typically produce significant joint 
effusion for assessment of intra-articular soft-tissue structures. MRI is the preferred imaging modality in 
assessing extra-articular soft-tissue traumatic pathology such as capsular and ligament tears. MRI is also 
sensitive for diagnosing bone marrow contusion and has been shown to be beneficial in assessing 
shoulder physeal injuries in pediatric patients. 

US 

US has limited usefulness in patients with traumatic shoulder pain that cannot be localized to the rotator 
cuff or biceps tendon. In the post-traumatic setting, US has been shown to detect abnormalities, 
including proximal humeral fractures; however, recent studies on US performed for nonspecific shoulder 
pain have had conflicting results. US for persistent shoulder pain after trauma has been found to 
diagnose significant pathology, primarily fractures and rotator cuff tears, in 90% of patients. Flowever, 
40% of patients presenting with nonspecific shoulder pain were found to have no significant pathology on 
US. Additionally, US has been demonstrated to be inferior to MRI in assessment of labroligamentous, 
osseous, and rotator cuff pathology. US can be considered as a screening tool in patients with persistent 
nonspecific shoulder pain after trauma, particularly in an older patient population in whom rotator cuff 



tears are more common. However, a low threshold should be maintained for performing additional 
imaging in the setting of a noncontributory shoulder US examination. 


CT 

CT has virtually no usefulness in diagnosing common traumatic soft-tissue injuries such as rotator cuff 
tears, labroligamentous injuries, and muscle tears. Although CT is the gold standard for diagnosing and 
characterizing fractures, MRI has been shown to be equivalent to CT in diagnosing the nondisplaced 
fractures that are typically missed on radiographs. 

CT Arthrography 

CT is inferior to MRI and US in diagnosing virtually all extra-articular traumatic soft-tissues injuries. CT is 
considered the gold standard in identifying fractures. However, MRI has shown to be equivalent to CT in 
assessing bone loss, and MRI is usually adequate for diagnosing the nondisplaced fractures that are 
typically missed on conventional radiographs. CT arthrography is able to reliably evaluate for 
glenohumeral cartilage injury, SLAP tears, and labroligamentous injuries but is generally considered 
inferior to MRI in diagnosing rotator cuff and soft-tissue Bankart lesions. 

FDG-PET/CT 

FDG-PET/CT imaging is rarely used in assessment of traumatic shoulder pain. FDG-PET is sensitive for 
inflammation, and a correlation has been found between radiotracer activity and degree of shoulder pain. 
However, increased radiotracer activity may be due to infectious, traumatic, inflammatory, or neoplastic 
processes, making this activity a nonspecific finding. FDG-PET imaging as an isolated modality has 
relatively poor resolution for pathology localization compared with other imaging modalities, although, 
FDG-PET imaging can be performed in conjunction with MRI or CT for better localization of radiotracer 
activity. FDG-PET in combination with CT is sensitive for identifying fractures, and it has been shown to 
be reliable in differentiating benign from malignant pathologic fractures. FDG-PET/CT imaging is not 
routinely performed for characterization of soft-tissue injuries of the shoulder. Indirect identification of 
symptomatic rotator cuff tears has been described on FDG-PET/CT by decreased radiotracer activity in the 
muscles of the torn tendons and increased activity of surrounding shoulder girdle muscles due to muscle 
recruitment. Other soft-tissue injuries, such as labral and cartilage injuries, have not been described 
using FDG-PET/CT. 

Bone Scan 

Tc-99m bone scintigraphy is rarely used in assessment of traumatic shoulder pain. Bone scintigraphy 
demonstrates increased activity in many post-traumatic shoulder pathologies such as fracture, rotator cuff 
tear, or adhesive capsulitis. Bone scintigraphy as an isolated modality has relatively poor resolution for 
pathology localization compared with other imaging modalities; however, bone scintigraphy can be 
performed in conjunction with MRI or CT for better localization of radiotracer activity. Bone scintigraphy 
has sensitivity and specificity comparable to MRI in diagnosis of occult bone fractures, and bone 
scintigraphy can be used to identify other foci of bone involvement in pathologic fractures due to 
metastatic disease. Increased radiotracer activity has been associated with symptomatic rotator cuff 
tears, but bone scintigraphy appearance of other soft-tissue injuries of the shoulder have not been well 
described. 

Variant 3: Traumatic Shouider Pain. Radiographs Show Humeral Head or Neck Fracture. Next Imaging 
Study 

Proximal humerus fractures of the head and neck are relatively common. These fractures have a bimodal 
age distribution, occurring in young patients as the result of high-energy trauma and older patients with 
low-energy trauma, such as falls from a standing position. The most commonly used classification for 
humeral head fractures is the Neer classification system. A complete tear of at least one rotator cuff 
tendon can be seen in up to 40% of humeral head fractures. However, a delay in repair of rotator cuff 
tears by up to 4 months has not been shown to have adverse outcomes on rotator cuff repair, and 
immediate diagnosis and treatment of soft-tissue injury in the setting of a proximal humerus fracture 



may not be required. 


CT 

Nondisplaced fracture planes and complex bony anatomy can result in underappreciation of the extent of 
proximal humeral fractures on radiographs. Poor agreement between observers has been shown on 
grading of humeral head fractures on radiographs. CT is the best examination for delineating fracture 
patterns and has been shown to be equivocal to MRI in identifying nondisplaced fractures, making it the 
preferred study for characterizing proximal humeral fractures. Contrast is generally not necessary unless 
there is concern for arterial injury (see Variant 9). 3-D volume-rendered CT images may be obtained to 
better characterize fracture patterns and humeral neck angulation, which can affect functional outcomes. 

CT Arthrography 

Arthrography is not routinely performed in conjunction with CT in the evaluation of proximal humeral 
fractures. In the acute setting, glenohumeral hemarthrosis can obscure soft-tissue structures typically 
evaluated on CT arthrography, and intra-articular iodinated contrast can obscure intra-articular humerus 
fracture planes. Because of the high association between humeral head fractures and rotator cuff tears, 
there may be a role for CT arthrogram in a patient with remote proximal humeral fracture having a 
suspected rotator cuff tear and contraindication to MRI. 

MRI 


MRI without contrast is inferior to CT in evaluating fracture planes in complex humerus fracture patterns 
and is, in general, inferior to CT in characterizing proximal humerus fractures. Although MRI can detect 
rotator cuff tears associated with proximal humeral fracture, any significant rotator cuff tear associated 
with the humeral head fracture is typically addressed during open reduction and internal fixation of the 
fracture. However, noncontrast MRI may be useful in assessing rotator cuff integrity in patients with 
proximal humeral fractures that do not undergo surgical fixation. 

MR Arthrography 

MR arthrography is not indicated in the acute setting of proximal humeral fractures. In the acute setting 
of proximal humeral fracture, a significant hemarthrosis is typically present, allowing for adequate 
distention of the glenohumeral joint for identification of intra-articular pathology on noncontrast MRI. MR 
arthrography is generally preferred over noncontrast MRI for evaluating soft-tissue injuries in patients 
with remote proximal humeral fracture and persistent pain. 

US 

There is no defined role for US in evaluation of proximal humeral fractures. Although fractures may 
sometimes be visible on US as areas of cortical interruption, US is unable to reliably characterize fracture 
patterns. In ideal conditions, US is effective at identifying full-thickness rotator cuff tears that may be 
associated with humeral head fractures. However, in the acute setting of humeral head fracture, an US 
examination of the shoulder is significantly limited by decreased patient mobility and swelling. 

FDG-PET/CT 

FDG-PET in combination with CT has been shown to be reliable in differentiating benign from malignant 
pathologic fractures. FDG-PET/CT can be used to further assess suspected pathologic fractures of the 
proximal humerus. 

Bone Scan 

Bone scintigraphy has sensitivity and specificity comparable to MRI in diagnosis of occult bone fractures, 
and bone scintigraphy can be used to identify other foci of bone involvement in pathologic fractures due 
to metastatic disease. Bone scintigraphy can be used to characterize proximal humerus fractures 
suspected to be due to metastatic disease. 

Variant 4: Traumatic Shouider Pain. Radiographs Show Scapula Fracture. Next Imaging Study 



There is no consensus on indications for surgical fixation of scapula fractures. In general, isolated scapula 
body fractures heal well without surgical fixation, although associated rib fractures or higher injury 
severity score are associated with worse clinical outcomes and may benefit from more aggressive surgical 
fixation. Scapula fractures involving the glenoid articular surface or glenoid neck may also require surgical 
fixation. 

CT 

Because of the scapula's complex osteology and overlying ribs, scapula fractures can be easily missed or 
underappreciate on conventional radiographs. CT is the best imaging modality for identifying and 
characterizing scapula fracture patterns. Intra-articular extension, glenopolar angulation, AP angulation, 
and lateral border offset can all be better assessed on CT compared with conventional radiographs. 
Contrast is generally not necessary, unless there is concern for arterial injury (see Variant 9). 3-D- 
reformatted CT images can better visualize scapula fracture displacement and angulation. 

CT Arthrography 

CT arthrography is not routinely performed in the setting of scapula fractures. Intra-articular iodinated 
contrast can obscure intra-articular fracture lines involving the glenoid neck and articular surface. Acute 
intra-articular fractures are typically associated with significant hemarthrosis, which can limit evaluation 
of soft-tissue structures on CT arthrography. 

MRI 


MRI has limited usefulness in assessing scapular fractures. The thin cortex and sparse medullary cavity of 
the scapula body can make diagnosis of scapula body fractures difficult on MRI. Typical shoulder-specific 
coils used for MRI are also unable to cover the entire scapula, requiring use of body coils with a larger 
field of view, which then results in suboptimal resolution for evaluation of scapular fracture displacement 
and angulation. 

MR Arthrography 

There is no role for an MR arthrogram in evaluation of scapula fractures. 

US 

There is no role for US in evaluation of scapula fractures. 

FDG-PET/CT 

FDG-PET/CT has been shown to be reliable in differentiating benign from malignant pathologic fractures. 
FDG-PET/CT can be used to further assess suspected pathologic fractures of the scapula. 

Bone Scan 

Bone scintigraphy has sensitivity and specificity comparable to MRI in diagnosis of occult bone fractures, 
and bone scintigraphy can be used to identify other foci of bone involvement in pathologic fractures due 
to metastatic disease. Bone scintigraphy can be used to characterize scapula fractures suspected to be 
due to metastatic disease. 

Variant 5: Traumatic Shouider Pain. Radiographs Show Bankart or Hill-Sachs Lesion. Next Imaging Study 

Bankart and Flill-Sachs lesions are common findings associated with transient shoulder dislocation. 
Bankart lesions have a particularly high association with transient shoulder dislocations, and a transient 
shoulder dislocation should be presumed if a Bankart lesion is present. A close association exists 
between Bankart and Flill-Sachs lesions, and one should be sought out whenever the other is identified 
on radiographs. Both Bankart and Flill-Sachs lesions can present as nonosseous lesions that are occult on 
radiographs and noncontrast CT. 


MRI 



Similar to MR arthrography, noncontrast MRI is comparable to CT in evaluating glenoid and humeral head 
bone loss. In general, noncontrast MRI performs well in diagnosing labroligamentous injuries. However, 
noncontrast MRI is considered inferior to MR arthrography for assessing labroligamentous pathology 
frequently associated with Bankart and Hill-Sachs lesions. Noncontrast MRI is a good alternative to MR 
arthrography in the setting of acute injury when significant glenohumeral joint effusion is present to 
assist in visualization of intra-articular soft-tissue pathology. 

MR Arthrography 

MR arthrography is the preferred study for evaluating subacute or chronic Bankart lesions because of its 
soft-tissue contrast. Multiple studies have shown MR arthrography to be reliable in diagnosing 
labroligamentous injuries and superior to noncontrast MRI for this indication. MR arthrography has been 
shown to be equivalent to CT in the assessment of glenoid and humeral head bone loss, while being 
superior to CT in assessment of labroligamentous injuries. MR arthrography is also able to delineate 
humeral head and glenoid cartilage, which can be important because some Hill-Sachs lesions affect 
cartilage only. 

CT 

Noncontrast CT has historically been used to assess Hill-Sachs and bony Bankart lesions. However, MRI 
has been shown to be equivalent to CT for assessing both glenoid and humeral head bone loss, and CT is 
limited in the assessment of cartilaginous Hill-Sachs lesions. In addition, CT cannot assess injury to soft- 
tissue structures like the labroligamentous complex, which further limits its usefulness in evaluating 
Bankart lesions. CT should be reserved for patients with a contraindication to MRI or patients in whom 
MRI assessment of bone loss is limited. 

CT Arthrography 

CT arthrography has shown fair agreement between observers and is comparable to MR arthrography in 
diagnosing Bankart and Hill-Sachs lesions. However, CT arthrography is inferior to MRI in diagnosing other 
soft-tissue pathology. CT arthrography can be considered a reasonable imaging alternative in patients 
with contraindication to MRI. 

US 

There is no role for US in assessment of Bankart or Hill-Sachs lesions. US has been demonstrated to be 
inferior to MRI in diagnosing both labroligamentous injury and Hill-Sachs lesions. 

FDG-PET/CT 

There is no role for FDG-PET/CT in assessment of Bankart or Hill-Sachs lesions. 

Bone Scan 

There is no role for bone scintigraphy in assessment of Bankart or Hill-Sachs lesions. 

Variant 6: Traumatic Shouider Pain. Radiographs Normal. Physical Examination and History Consistent 
with Dislocation Event or Instability. Next Imaging Study 

Shoulder dislocation or instability is most common in the anterior direction. Younger patients are more 
likely to have labroligamentous injury and persistent instability after dislocation compared with older 
patients. Older patients are more likely to have rotator cuff tears in association with shoulder dislocation. 
Coexisting humeral avulsion of the glenohumeral ligament and significant glenoid bone loss have been 
found in up to 10% of patients with recurrent shoulder instability, which underscores the need to assess 
both osseous and labroligamentous pathology in patients with shoulder dislocation or instability. Glenoid 
morphology and bone loss can play a significant factor in recurrent shoulder dislocations, which may 
require bone grafting in order to restore stability. 

MR Arthrography 



MR arthrography is the preferred examination for the evaluation of subacute shoulder dislocations or 
recurrent shoulder instability. MRI has been shown to have similar performance to CT in the evaluation of 
Hill-Sachs lesions and glenoid bone loss. MR arthrography has also been found to be reliable in 
diagnosing anterior shoulder instability and labroligamentous injuries. MR arthrography has specifically 
outperformed noncontrast MRI in assessment of glenohumeral ligament and anterior labral injuries, which 
are commonly seen in shoulder instability. MR arthrography has also outperformed noncontrast MRI in 
diagnosis of rotator cuff tears, which is a common associated finding in older patients with shoulder 
dislocation. However, high sensitivities reported for MR arthrography in the detection of labral pathology 
may not be applicable to patients with clinically unstable shoulders. A retrospective review of 90 patients 
with clinically unstable shoulders selected for arthroscopy found that MR arthrography had a sensitivity of 
65% for detection of labral tears. The authors proposed that this discrepancy with prior studies was the 
result of different patient selection criteria (clinically unstable in their study versus less-specific 
symptoms such as shoulder pain in others) and the interpretation of MR arthrography by experienced 
musculoskeletal radiologists. For this document, it is assumed the procedure is performed and interpreted 
by an expert. 

MRI 


MRI without contrast may be preferred to MR arthrography in the setting of acute shoulder dislocation 
when a post-traumatic joint effusion is present to provide sufficient visualization of soft-tissue 
structures. In the subacute or chronic setting, the glenohumeral joint effusion is usually too small to 
provide adequate joint distention for optimal assessment of soft-tissue structures. Noncontrast MRI has 
been shown to be inferior to MR arthrography in diagnosing labroligamentous and rotator cuff injuries. 
Noncontrast MRI performs comparably to CT in evaluating glenoid and humeral head bone loss, which may 
obviate the need for noncontrast CT. 

CT Arthrography 

CT arthrography is effective in evaluation of shoulder instability. CT arthrography is comparable to MR 
arthrography in the diagnosis of Bankart and Hill-Sachs lesions, and moderate agreement has been found 
between readers for diagnosing anterior capsule laxity on CT arthrography. However, CT arthrography has 
been shown to be inferior to MR arthrography in assessing partial-thickness rotator cuff tears, which 
makes CT arthrography less desirable in older patients with dislocation/instability where rotator cuff tears 
are common. CT arthrography may be considered in a patient with shoulder dislocation/instability and 
contraindication to MRI. 

CT 

Noncontrast CT has historically been performed to assess bone loss in patients with recurrent dislocation 
or chronic instability. However, recent studies have shown MRI to be equivalent to CT in assessment of 
glenoid and humeral head bone loss, which places in question the need for noncontrast CT in the 
assessment of shoulder instability. Noncontrast CT is also unable to assess rotator cuff and 
labroligamentous pathology commonly seen in shoulder dislocations/instability. In general, CT should be 
reserved for patients with a contraindication to MRI or patients in whom MRI assessment of bone loss is 
limited. 

US 

There is no defined role for US in the assessment of shoulder dislocation or instability. There is a 
potential limited role for use of dynamic US in assessing Hill-Sachs lesion engagement. However, this is 
not common practice, and US has been shown to be inferior to MRI in diagnosing the common structural 
abnormalities associated with shoulder instability, such as labroligamentous injuries, Hill-Sachs lesions, 
and partial rotator cuff tears. 

FDG-PET/CT 


There is no role for FDG-PET/CT in assessment of shoulder instability. 



Bone Scan 


There is no role for bone scintigraphy in assessment of shoulder instability. 

Variant 7: Traumatic Shouider Pain. Radiographs Normal. Physical Examination Findings Consistent with 
Labral Tear. Next Imaging Study 

MR Arthrography 

MR arthrography has been reported to have a high sensitivity for detection of labral injury, ranging from 
86% to 100%; however, the issue of selection bias is inherent in the design of many of these 
retrospective studies. For example, patient groups were identified at the time of arthroscopy, which 
selected patients with proven labral lesions as the study population instead of evaluating all patients 
with clinically unstable shoulders. Compared to noncontrast MRI, MR arthrography has been shown to 
have increased sensitivity for detection of anterior labral and SLAP tears. In addition, MR arthrography 
has been shown to detect unsuspected labral pathology in patients referred for imaging with low or no 
clinical suspicion of labral pathology. 

MRI 


MRI without contrast may be preferred to MR arthrography in the setting of acute shoulder dislocation 
when a post-traumatic joint effusion is typically present to provide sufficient visualization of soft-tissue 
structures. In the subacute or chronic setting, the glenohumeral joint effusion is usually too small to 
provide adequate joint distention to adequately assess soft-tissue structures. Noncontrast MRI has been 
shown to be inferior to MR arthrography in diagnosing labroligamentous and rotator cuff injuries. 

CT Arthrography 

CT arthrography provides comparable sensitivity and possibly improved specificity in detection of labral 
lesions compared to MR arthrography and can provide improved visualization of the bones in cases of 
complex trauma. However, interobserver variability in reporting of labral lesions is low. CT arthrography 
has also been shown to be inferior to MR arthrography in assessing partial-thickness rotator cuff tears, 
which makes CT arthrography less desirable in patients where rotator cuff tears may be suspected. 
However, CT arthrography may be considered in a patient with shoulder dislocation/instability and 
contraindication to MRI. 

CT 

Noncontrast CT is unable to assess rotator cuff and labroligamentous pathology. 

US 

Although there have been efforts to use US in diagnosis of labral lesions, it currently has no defined role 
in this setting. 

FDG-PET/CT 

There is no role for FDG-PET/CT in assessment of suspected labral tear. 

Bone Scan 

There is no role for bone scintigraphy in assessment of suspected labral tear. 

Variant 8: Traumatic Shoulder Pain. Radiographs Normal. Physical Examination Findings Consistent with 
Rotator Cuff Tear. Next Imaging Study 

US, MRI, and MR arthrography have similarly high sensitivity and specificity in detection of full-thickness 
rotator cuff tears. US and MRI have somewhat lower sensitivity for detection of partial-thickness tears 
when compared to MR arthrography. However, because full-thickness tears are the main decision point on 
pursuing surgical repair, institutional preference may be the driving force for the selection of imaging 
modality for assessment of traumatic rotator cuff pathology. 



MRI 


MRI is generally considered the best modality for adequately assessing most soft-tissue injuries, 
including labroligamentous, cartilage, and rotator cuff pathology. It has high sensitivity and specificity in 
detection of full-thickness rotator cuff tears, but lower sensitivity compared to MR arthrography for 
detection of partial-thickness tears. 

MR Arthrography 

MR arthrography is generally preferred to noncontrast MRI for assessing intra-articular pathology, 
particularly in diagnosing labral and partial-thickness rotator cuff tears. MR arthrography may have 
increased sensitivity for detection of partial-thickness articular surface supraspinatus tears compared with 
conventional MRI. 

CT Arthrography 

CT arthrography has similar performance as MR arthrography for detection of full-thickness rotator cuff 
tears, but has significantly poorer performance for partial-thickness cuff tears. CT arthrogram may be a 
good imaging alternative in patients with suspected intra-articular soft-tissue injury and contraindication 
to MRI. 

CT 

Noncontrast CT is unable to assess rotator cuff pathology in the acute setting. 

US 

In the post-traumatic setting, US has been shown to detect abnormalities, including rotator cuff tears. In 
general, US can have high sensitivity and specificity for the detection of full-thickness rotator cuff tears. 
There is conflicting evidence on the ability of US to diagnose partial-thickness rotator cuff tears. Similarly, 
although interobserver agreement in detection of full-thickness rotator cuff tears can be high, it is much 
more variable for detection of partial-thickness tears. 

FDG-PET/CT 

FDG-PET/CT is not routinely used for describing rotator cuff tears. Indirect identification of symptomatic 
rotator cuff tears has been described on FDG-PET/CT by decreased radiotracer activity in the muscles of 
the torn tendons and increased activity of surrounding shoulder girdle muscles due to muscle recruitment. 
Flowever, FDG-PET/CT cannot describe the extent of rotator cuff tear or degree of rotator cuff atrophy, 
which are relevant for clinical management. 

Bone Scan 

Bone scintigraphy is not routinely used for describing rotator cuff tears. Increased radiotracer activity has 
been associated with symptomatic rotator cuff tears. Flowever, bone scintigraphy cannot describe the 
extent of rotator cuff tear or degree of rotator cuff atrophy, which are relevant for clinical management. 

Variant 9: Traumatic Shouider Pain. Radiographs Already Performed. Physical Examination Consistent with 
Vascular Compromise. Next Imaging Study 

The subclavian, axillary, and brachial arteries are uncommonly injured following fractures and dislocations 
about the shoulder; however, the consequences can be debilitating. Of these, the axillary artery is more 
likely to be injured in patients with proximal humeral fractures, and the risk increases in the presence of 
open fractures, shoulder dislocation, and fractures of the scapula and ribs. No systematic or comparative 
data is available on detection of arterial injuries in the post-traumatic setting. 

CT 

Noncontrast CT may be able to demonstrate hematomas; however, it is not an adequate modality for 
evaluation of acute arterial compromise. Contrast-enhanced CT using intravenous (IV) contrast can 
identify some vascular injuries. Flowever, contrast bolus timing and image reformatting using routine 



contrast-enhanced CT protocols is suboptimal for identifying and characterizing vascular injuries. 


CTA 


CT angiography (CTA) is a specialized protocol for contrast-enhanced CT in which image acquisition occurs 
during maximum arterial opacification by IV contrast. Thin-slice axial images of the region of interest is 
performed, which helps in detection of subtle vascular injuries. Maximum intensity projection (MIP) 
images in multiple planes are also commonly performed, allowing for long segments of vessels to be 
visualized on a single image. CTA is the preferred examination forevaluation of suspected arterial injury. 
It can delineate the extent of injury and has the added benefit of providing optimal assessment of 
osseous injuries. 

MRI 


Because of the length of time required for MRI, it is not the modality of choice for assessment of acute 
arterial injury. Both routine noncontrast and contrast-enhanced MRI protocols lack the spatial and 
temporal resolution as well as imaging plane orientation to identify and characterize most arterial 
injuries. 

MRA 


MR angiography (MRA) is MR imaging tailored to evaluate for arterial compromise using sequences such 
as time-of-flight, phase-contrast, and dynamic postcontrast imaging. MRA can produce 2D images or 
dynamic 3D images of the arteries that simulates arteriography. However, the special resolution of MRA is 
inferior to CTA and arteriography. MRA can be performed with or without IV contrast, although use of IV 
contrast is generally preferred. Because of the length of time required for MRA, it is not the modality of 
choice for assessment of acute arterial injury. 

Arteriography 

Catheter angiography can be performed when clinical suspicion of acute arterial injury is high and offers 
the possibility for concomitant repair or embolization. 

US Duplex Doppler 

Bedside US can be used to assess the subclavian, axillary, and brachial arteries as permitted by patient 
condition. 

FDG-PET/CT 

There is no role for FDG-PET/CT in assessment of vascular compromise. 

Bone Scan 

Three-phase bone scintigraphy can demonstrate a lack of blood flow to an extremity, with blood pool and 
delayed images showing decreased or absent uptake in the affected area. However, limited resolution 
precludes precise anatomic definition of the site of abnormality. In addition, because of the length of 
time required for image acquisition, scintigraphy is not the modality of choice for assessing acute 
vascular compromise. 

Variant 10: Traumatic Shouider Pain. Radiographs Already Performed. Neuropathic Syndrome (Excluding 
Plexopathy). Next Imaging Study 

Neuropathic pain is defined as pain caused by a lesion or disease of the somatosensory nervous system. 

It is a clinical diagnosis that requires a demonstrable lesion or disease process, and can be classified as 
central or peripheral, depending on the level of the lesion. In the setting of trauma, neuropathic pain at 
the shoulder can be seen following injury to the brachial plexus (see the National Guideline Clearinghouse 
[NGC] summary of the ACR Appropriateness Criteria® plexopathy guideline) or the peripheral nerves 
(axillary, suprascapular, radial, ulnar, and median). Electrodiagnostic studies are considered the reference 
standard for diagnosis; however, imaging can be helpful in delineating the extent and level of injury. 









Although injury to specific nerves may be suspected on radiographs and CT based on knowledge of the 
expected course of nerves, high-resolution MR neurography can play an important role. The data on 
imaging of traumatic neuropathic pain at the shoulder not related to brachial plexopathy is sparse and 
consists of case reports and small series. 

CT 

CT without contrast may be obtained in the setting of trauma for detection or delineation of fracture and 
can suggest neural injury based on expected course of the nerves. However, CT is not the modality of 
choice for assessment of the nerves. 

CT with contrast may be obtained in the setting of trauma for detection or delineation of arterial injury, 
and may suggest neural injury based on the expected course of the nerves. However, CT is not the 
modality of choice for assessment of the nerves. 

There is no role for biphasic CT in the setting of suspected traumatic nerve injury. 

CT Arthrography 

There is no role for CT arthrography in the setting of suspected traumatic nerve injury. 

MRI 


Noncontrast MRI may demonstrate discontinuity of nerves, neuromas, or perineural musculofascial 
edema; however, the imaging planes and resolution of routine noncontrast MRI is not adequate for 
confident and complete assessment of the nerves that can be injured at the shoulder. 

There are no systematic studies on MR neurography in assessment of the peripheral nerves about the 
shoulder in the post-traumatic setting; however, MR neurography is gaining acceptance in assessment of 
peripheral nerve injuries. Use of 3T imaging allows for high resolution and excellent soft-tissue contrast 
and can delineate focal nerve discontinuities, neuromas, and musculofascial edema. There is no role for 
addition of contrast to the standard shoulder MRI in assessment of peripheral nerve injury. 

MR Arthrography 

There is no role for MR arthrography in the setting of suspected traumatic nerve injury. 

US 

There is no role for US in the setting of suspected traumatic nerve injury. 

FDG-PET/CT 

There is no role for FDG-PET/CT in assessment of neuropathic syndrome. 

Bone Scan 

Bone scintigraphic abnormalities may be seen in patients with complex regional pain syndrome (CRPS), 
formerly known as reflex sympathetic dystrophy. Bone scintigraphy may be helpful in assessing for CRPS 
in patients experiencing chronic post-traumatic pain without clear etiology. Meta-analyses have found 
only moderate concordance between bone scintigraphy and the presence or absence of CRPS and low 
sensitivity for detection of CRPS when compared to clinical diagnostic criteria. However, bone scintigraphy 
does have high specificity and can be used to rule out CRPS. 

Summary of Recommendations 

Radiography of the shoulder is the most appropriate initial study for traumatic shoulder pain. 

In the setting of nonlocalized shoulder pain and negative radiographs, MRI of the shoulder without 
IV contrast is the most appropriate study. 

When radiographs show a fracture of the humeral head or neck, CT without IV contrast is the most 
appropriate study for characterizing the fracture planes, particularly in the case of nondisplaced 



fractures. 

When radiographs show a fracture of the scapula, CT without IV contrast is the most appropriate 
study for characterizing the fracture planes and documenting intra-articular extension of fracture and 
angulation and offset of fragments. 

In the setting of Bankart or Hill-Sachs lesions detected on radiographs, MRI shoulder without IV 
contrast or MR arthrography are both appropriate studies for assessing labroligamentous injuries. 
When physical examination and history suggest a prior dislocation event, or the presence of 
instability and radiographs are normal, MRI shoulder without IV contrast or MR arthrography are both 
appropriate studies. 

When physical examination is consistent with a labral tear and radiographs are normal, MR 
arthrography, CT arthrography, or MRI shoulder without IV contrast are appropriate studies. 

When physical examination is consistent with a rotator cuff tear and radiographs are normal, MRI 
without IV contrast, MR arthrography, or US are appropriate studies. 

When vascular compromise is suggested on physical examination and radiographs have been 
performed, CTA with IV contrast and conventional arteriography are both appropriate studies. 

In the setting of neuropathic symptoms (excluding brachial plexopathy, see the NGC summary of the 
ACR Appropriateness Criteria® plexopathy guideline) following trauma to the shoulder and 
radiographs have been performed, MRI shoulder without IV contrast is the most appropriate study for 
delineating the extent and level of injury. 

Abbreviations 

CT, computed tomography 

CTA, computed tomography angiography 

FDG-PET, fluorine-18-2-fluoro-2-deoxy-D-glucose positron emission tomography 
IV, intravenous 

MRA, magnetic resonance angiography 
MRI, magnetic resonance imaging 
Tc-99m, technetium 99 metastable 
US, ultrasound 

Relative Radiation Level Designations 


Relative Radiation 
Level* 

Adult Effective Dose Estimate 
Range 

Pediatric Effective Dose Estimate 
Range 

0 

0 mSv 

0 mSv 


<0.1 mSv 

<0.03 mSv 


0.1-1 mSv 

0.03-0.3 mSv 


1-10 mSv 

0.3-3 mSv 


10-30 mSv 

3-10 mSv 

^ ^ ^ ^ ^ 

30-100 mSv 

10-30 mSv 

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in 
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing 
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as 
"Varies." 


Clinical Algorithm(s) 

Algorithms were not developed from criteria guidelines. 


Scope 












Disease/Condition(s) 

Traumatic shoulder pain 

Guideline Category 

Diagnosis 

Evaluation 

Clinical Specialty 

Emergency Medicine 
Family Practice 
Internal Medicine 
Nuclear Medicine 
Orthopedic Surgery 
Radiology 
Sports Medicine 

Intended Users 

Advanced Practice Nurses 
Health Care Providers 
Hospitals 

Managed Care Organizations 
Physician Assistants 
Physicians 
Students 

Utilization Management 

Guideline Objective(s) 

To evaluate the appropriateness of imaging procedures for patients with traumatic shoulder pain 

Target Population 

Patients with traumatic shoulder pain 

Interventions and Practices Considered 

1. X-ray, shoulder 

2. Computed tomography (CT), shoulder 



• With intravenous (IV) contrast 

• Without and with contrast 

• Without contrast 

3. CT arthrography, shoulder 

4. Fiuorine-18-2-fluoro-2-deoxy-D-giucose positron emission tomography (FDG-PET)/CT, skuil base to 
mid-thigh 

5. Magnetic resonance (MR) arthrography, shoulder 

6. Ultrasound (US), shoulder 

7. Magnetic resonance imaging (MRI), shoulder 

• Without and with IV contrast 

• Without IV contrast 

8. Computed tomography angiography (CTA), shoulder with IV contrast 

9. Magnetic resonance angiography (MRA), shouiderwith IV contrast 

10. Arteriography, shouider 

11. Technetium (Tc)-99m 3-phase bone scan, shoulder 


Major Outcomes Considered 

• utility of imaging procedures in diagnosis and evaiuation of traumatic shouider pain 

• Sensitivity, specificity, and accuracy of imaging procedures in diagnosis and evaluation of traumatic 
shouider pain 


Methodology 

Methods Used to Collect/Select the Evidence 

Fiand-searches of Pubiished Literature (Primary Sources) 
Fiand-searches of Pubiished Literature (Secondary Sources) 
Searches of Eiectronic Databases 


Description of Methods Used to Collect/Select the Evidence 

Literature Search Summary 

Of the 30 citations in the originai bibiiography, 0 were retained in the finai document. 

A iiterature search was conducted in December 2015, March 2017, Aprii 2017, and Juiy 2017 to identify 
additionai evidence published since the ACR Appropriateness Criteria® Shouider Pain—Traumatic topic 
was finaiized. Using the search strategy described in the iiterature search companion (see the 
"Availability of Companion Documents" field), 1,193 unique articles were found. Seventy-eight articies 
were added to the bibliography. The remaining articies were not used due to either poor study design, the 
articles were not relevant or generalizable to the topic, or the results were unclear or biased. 

The author added 11 citations from bibliographies, Web sites, or books that were not found in the 
literature searches. 

One citation is a supporting document that was added by staff. 

See also the American Coilege of Radioiogy (ACR) Appropriateness Criteria® literature search process 
document (see the "Avaiiabiiity of Companion Documents" field) for further information. 



Number of Source Documents 


Of the 30 citations in the original bibliography, 0 were retained in the final document. The literature 
searches conducted in December 2015, March 2017, April 2017, and July 2017 found 78 articles that were 
added to the bibliography. The author added 11 citations from bibliographies, Web sites, or books that 
were not found in the literature searches. One citation is a supporting document that was added by staff. 


Methods Used to Assess the Quality and Strength of the Evidence 

Weighting According to a Rating Scheme (Scheme Given) 


Rating Scheme for the Strength of the Evidence 

Definitions of Study Quality Categories 

Category 1 - The study is well-designed and accounts for common biases. 

Category 2 - The study is moderately well-designed and accounts for most common biases. 

Category 3 - The study has important study design limitations. 

Category 4 - The study or source is not useful as primary evidence. The article may not be a clinical 
study, the study design is invalid, or conclusions are based on expert consensus. 

The study does not meet the criteria for or is not a hypothesis-based clinical study (e.g., a book 
chapter or case report or case series description); 

Or 

The study may synthesize and draw conclusions about several studies such as a literature review 
article or book chapter but is not primary evidence; 

Or 

The study is an expert opinion or consensus document. 

Category M - Meta-analysis studies are not rated for study quality using the study element method 
because the method is designed to evaluate individual studies only. An "M" for the study quality will 
indicate that the study quality has not been evaluated for the meta-analysis study. 


Methods Used to Analyze the Evidence 

Review of Published Meta-Analyses 
Systematic Review with Evidence Tables 


Description of the Methods Used to Analyze the Evidence 

The topic author assesses the literature then drafts or revises the narrative summarizing the evidence 
found in the literature. American College of Radiology (ACR) staff drafts an evidence table based on the 
analysis of the selected literature. These tables rate the study quality for each article included in the 
narrative. 

The expert panel reviews the narrative, evidence table and the supporting literature for each of the topic- 
variant combinations and assigns an appropriateness rating for each procedure listed in the variant 
table(s). Each individual panel member assigns a rating based on his/her interpretation of the available 
evidence. 



More information about the evidence table development process can be found in the ACR Appropriateness 
Criteria® Evidence Table Development document (see the "Availability of Companion Documents" field). 


Methods Used to Formulate the Recommendations 

Expert Consensus (Delphi) 


Description of Methods Used to Formulate the Recommendations 

Overview 

The purpose of the rating rounds is to systematically and transparently determine the panels' 
recommendations while mitigating any undue influence of one or more panel members on another 
individual panel members' interpretation of the evidence. The panel member's rating is determined by 
reviewing the evidence presented in the Summary of Literature Review and assessing the risks or harms 
of performing the procedure or treatment balanced with the benefits of performing the procedure or 
treatment. The individual panel member ratings are used to calculate the median rating, which 
determines the panel's rating. The assessment of the amount of deviation of individual ratings from the 
panel rating determines whether there is disagreement among the panel about the rating. 

The process used in the rating rounds is a modified Delphi method based on the methodology described 
in the RAND/UCLA Appropriateness Method User Manual. 

The appropriateness is rated on an ordinal scale that uses integers from 1 to 9 grouped into three 
categories (see the "Rating Scheme for the Strength of the Recommendations" field). 

Determining the Panel's Recommendation 

Ratings represent an individual's assessment of the risks and benefits of performing a specific 
procedure fora specific clinical scenario on an ordinal scale. The recommendation is the 
appropriateness category (i.e., "Usually appropriate", "May be appropriate", or "Usually not 
appropriate"). 

The appropriateness category for a procedure and clinical scenario is determined by the panel's 
median rating without disagreement (see below for definition of disagreement). The panel's median 
rating is calculated after each rating round. If there is disagreement after the second rating round, 
the rating category is "May be appropriate (Disagreement)" with a rating of "5" so users understand 
the group disagreed on the final recommendation. The actual panel median rating is documented to 
provide additional context. 

Disagreement is defined as excessive dispersion of the individual ratings from the group (in this 
case, an Appropriateness Criteria [AC] panel) median as determined by comparison of the 
interpercentile range (IPR) and the interpercentile range adjusted for symmetry (IPRAS). In those 
instances when the IPR is greater than the IPRAS, there is disagreement. Fora complete discussion, 
please refer to chapter 8 of the RAND/UCLA Appropriateness Method User Manual. 

Once the final recommendations have been determined, the panel reviews the document. If two 
thirds of the panel feel a final recommendation is wrong (e.g., does not accurately reflect the 
evidence, may negatively impact patient health, has unintended consequences that may harm health 
care, etc.) and the process must be started again from the beginning. 

For additional information on the ratings process see the Rating Round Information document (see the 
"Availability of Companion Documents" field). 

Additional methodology documents, including a more detailed explanation of the complete topic 
development process and all ACR AC topics can be found on the ACR Web site 
(see also the "Availability of Companion Documents" field). 





Rating Scheme for the Strength of the Recommendations 

Appropriateness Category Names and Definitions 


Appropriateness 
Category Name 

Appropriateness 

Rating 

Appropriateness Category Definition 

Usually 

Appropriate 

7, 8, or 9 

The imaging procedure or treatment is indicated in the 
specified clinical scenarios at a favorable risk-benefit ratio for 
patients. 

May Be 

Appropriate 

4, 5, or 6 

The imaging procedure or treatment may be indicated in the 
specified clinical scenarios as an alternative to imaging 
procedures or treatments with a more favorable risk-benefit 
ratio, or the risk-benefit ratio for patients is equivocal. 

May Be 

Appropriate 

(Disagreement) 

5 

The individual ratings are too dispersed from the panel 
median. The different label provides transparency regarding the 
panel's recommendation. "May be appropriate" is the rating 
category and a rating of 5 is assigned. 

Usually Not 
Appropriate 

1, 2, or 3 

The imaging procedure or treatment is unlikely to be indicated 
in the specified clinical scenarios, or the risk-benefit ratio for 
patients is likely to be unfavorable. 


Cost Analysis 

A formal cost analysis was not performed and published cost analyses were not reviewed. 


Method of Guideline Validation 

Internal Peer Review 


Description of Method of Guideline Validation 

Criteria developed by the Expert Panels are reviewed by the American College of Radiology (ACR) 
Committee on Appropriateness Criteria. 


Evidence Supporting the Recommendations 

Type of Evidence Supporting the Recommendations 

The recommendations are based on analysis of the current medical evidence literature and the application 
of the RAND/UCLA appropriateness method and expert panel consensus. 

Summary of Evidence 

Of the 90 references cited in the ACR Appropriateness Criteria® Shoulder Pain—Traumatic document, 9 
are categorized as therapeutic references including 8 good-quality studies. Additionally, 76 references are 
categorized as diagnostic references including 20 good-quality studies, and 29 quality studies that may 
have design limitations. There are 28 references that may not be useful as primary evidence. There are 5 
references that are meta-analysis studies. 

Although there are references that report on studies with design limitations, 28 good-quality studies 
provide good evidence. 











Benefits/Harms of Implementing the Guideline 
Recommendations 

Potential Benefits 

Selection of appropriate radiologic imaging procedures for evaluation of patients with acute shoulder pain 


Potential Harms 

Relative Radiation Level Information 

Potential adverse health effects associated with radiation exposure are an important factor to consider 
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures 
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been 
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose 
quantity that is used to estimate population total radiation risk associated with an imaging procedure. 
Patients in the pediatric age group are at inherently higher risk from exposure, both because of organ 
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation 
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as 
compared to those specified for adults. Additional information regarding radiation dose assessment for 
imaging examinations can be found in the American College of Radiology (ACR) Appropriateness Criteria® 
Radiation Dose Assessment Introduction document (see the "Availability of Companion Documents" field). 

Qualifying Statements 

Qualifying Statements 

• The American College of Radiology (ACR) Committee on Appropriateness Criteria and its expert 
panels have developed criteria for determining appropriate imaging examinations for diagnosis and 
treatment of specified medical condition(s). These criteria are intended to guide radiologists, 
radiation oncologists, and referring physicians in making decisions regarding radiologic imaging and 
treatment. Generally, the complexity and severity of a patient's clinical condition should dictate the 
selection of appropriate imaging procedures or treatments. Only those examinations generally used 
for evaluation of the patient's condition are ranked. Other imaging studies necessary to evaluate 
other co-existent diseases or other medical consequences of this condition are not considered in this 
document. The availability of equipment or personnel may influence the selection of appropriate 
imaging procedures or treatments. Imaging techniques classified as investigational by the U.S. Food 
and Drug Administration (FDA) have not been considered in developing these criteria; however, study 
of new equipment and applications should be encouraged. The ultimate decision regarding the 
appropriateness of any specific radiologic examination or treatment must be made by the referring 
physician and radiologist in light of all the circumstances presented in an individual examination. 

• ACR seeks and encourages collaboration with other organizations on the development of the ACR 
Appropriateness Criteria through society representation on expert panels. Participation by 
representatives from collaborating societies on the expert panel does not necessarily imply society 
endorsement of the final document. 


Implementation of the Guideline 


Descriotion of Imolementation Strateav 



An implementation strategy was not provided. 


Institute of Medicine (lOM) National Healthcare Quality 
Report Categories 

lOM Care Need 

Getting Better 


lOM Domain 

Effectiveness 


Identifying Information and Availability 


Bibliographic Source(s) 


Amini B, Beckmann NM, Beaman FD, Wessell DE, Bernard SA, Cassidy RC, Czuczman GJ, Demertzis JL, 
Greenspan BS, Khurana B, Lee KS, Lenchik L, Motamedi K, Sharma A, Walker EA, Kransdorf MJ, Expert 
Panel on Musculoskeletal Imaging. ACR Appropriateness CriteriaA® shoulder paina€"traumatic. Reston 
(VA): American College of Radiology (ACR); 2017. 21 p. [90 references] 


Adaptation 

Not applicable: The guideline was not adapted from another source. 


Date Released 

2017 


Guideline Developer(s) 

American College of Radiology - Medical Specialty Society 


Source(s) of Funding 

The funding for the process is assumed entirely by the American College of Radiology (ACR). ACR staff 
support the expert panels through the conduct of literature searches, acquisition of scientific articles, 
drafting of evidence tables, dissemination of materials for the Delphi process, collation of results, 
conference calls, document processing, and general assistance to the panelists. 


Guideline Committee 


Committee on Appropriateness Criteria, Expert Panel on Musculoskeletal Imaging 




Composition of Group That Authored the Guideline 

Panel Members: Behrang Amini, MD, PhD {Principal Author); Nicholas M. Beckmann, MD {Research 
Author); Francesca D. Beaman, MD {Panel Chair); Daniel E. Wessell, MD, PhD {Panel Vice-chair); 
Stephanie A. Bernard, MD; R. Carter Cassidy, MD; Gregory J. Czuczman, MD; Jennifer L. Demertzis, MD; 
Bennett S. Greenspan, MD, MS; Bharti Khurana, MD; Kenneth S. Lee, MD, MBA; Leon Lenchik, MD; Kambiz 
Motamedi, MD; Akash Sharma, MD, MBA; Eric A. Waiker, MD, MHA; Mark J. Kransdorf, MD {Specialty Chair) 


Financial Disclosures/Conflicts of Interest 

Disclosing Potential Conflicts of Interest and Management of Conflicts of Interest 

An important aspect of committee operations is the disclosure and management of potential conflicts of 
interest. In 2016, the American College of Radiology (ACR) began an organization-wide review of its 
conflict of interest (COI) policies. The current ACR COI policy is available on its Web site 

. The Appropriateness Criteria (AC) program's COI process varies from the 
organization's current policy to accommodate the requirements for qualified provider-led entities as 
designated by the Centers for Medicare and Medicaid Services' Appropriate Use Criteria (AUC) program. 

When physicians become participants in the AC program, welcome letters are sent to inform them of their 
panel roles and responsibilities, including a link to complete the COI form . The 

COI form requires disclosure of all potential conflicts of interest. ACR staff oversees the COI evaluation 
process, coordinating with review panels consisting of ACR staff and members, who determine when there 
is a conflict of interest and what action, if any, is appropriate. In addition to making the information 
publicly available, management may include exclusion from some topic processes, exclusion from a topic, 
or exclusion from the panel. 

Besides potential COI disclosure, AC staff begins every committee call with the conflict of interest 
disclosure statement listed below reminding members to update their COI forms. If any updates to their 
COI information have not been submitted, they are instructed not to participate in discussion where an 
undisclosed conflict may exist. 

Finally, all ACR AC are published as part of the Journal of the American College of Radiology (JACR) 
electronic supplement. Those who participated on the document and are iisted as authors must complete 
the JACR process that includes completing the International Committee of Medical Journal Editors (ICMJE) 
COI form which is reviewed by the journal's staff/publisher. 


Guideline Status 

This is the current release of the guideline. 

This guideline updates a previous version: Wise JN, Daffner RFI, Weissman BN, Bancroft L, Bennett DL, 
Blebea JS, Bruno MA, Fries IB, Jacobson JA, Luchs JS, Morrison WB, Resnik CS, Roberts CC, Schweitzer ME, 
Seeger LL, Stoller DW, Taljanovic MS, Expert Panel on Musculoskeletal Imaging. ACR Appropriateness 
Criteria® acute shoulder pain, [online publication]. Reston (VA): American College of Radiology (ACR); 
2010. 7 p. [31 references] 

This guideline meets NGC's 2013 (revised) inclusion criteria. 


Guideline Availability 

Available from the American College of Radiology (ACR) Web site 


Availability of Companion Documents 





The following are available: 


ACR Appropriateness Criteria®. Overview. Reston (VA): American College of Radiology; 2017. 
Available from the American College of Radiology (ACR) Web site I I . 

ACR Appropriateness Criteria®. Literature search process. Reston (VA): American College of 
Radiology; 2015 Feb. 1 p. Available from the ACR Web site I 1 . 

ACR Appropriateness Criteria®. Evidence table development. Reston (VA): American College of 
Radiology; 2015 Nov. 5 p. Available from the ACR Web site I I . 

ACR Appropriateness Criteria®. Topic development process. Reston (VA): American College of 
Radiology; 2015 Nov. 2 p. Available from the ACR Web site I I . 

ACR Appropriateness Criteria®. Rating round information. Reston (VA): American College of 
Radiology; 2017 Sep. 5 p. Available from the ACR Web site I 1 . 

ACR Appropriateness Criteria®. Radiation dose assessment introduction. Reston (VA): American 
College of Radiology; 2017. 4 p. Available from the ACR Web site I I . 

ACR Appropriateness Criteria®. Manual on contrast media. Reston (VA): American College of 
Radiology; 2017. 125 p. Available from the ACR Web site I 1 . 

ACR Appropriateness Criteria®. Procedure information. Reston (VA): American College of Radiology; 
2017 Mar. 4 p. Available from the ACR Web site I I . 

ACR Appropriateness Criteria® shoulder pain-traumatic. Evidence table. Reston (VA): American 
College of Radiology; 2017. 37 p. Available from the ACR Web site I 1 . 

ACR Appropriateness Criteria® shoulder pain-traumatic. Literature search. Reston (VA): American 
College of Radiology; 2017. 4 p. Available from the ACR Web site I I . 


Patient Resources 

None available 


NGC Status 

This summary was completed by ECRI on May 6, 2001. The information was verified by the guideline 
developer as of June 29, 2001. This NGC summary was updated by ECRI on January 31, 2006. This 
summary was updated by ECRI Institute on May 17, 2007 following the U.S. Food and Drug Administration 
(FDA) advisory on Gadolinium-based contrast agents. This summary was updated by ECRI Institute on 
June 20, 2007 following the U.S. Food and Drug Administration (FDA) advisory on gadolinium-based 
contrast agents. This NGC summary was updated by ECRI Institute on December 3, 2010. This NGC 
summary was completed by ECRI Institute on March 15, 2018. The guideline developer agreed to not 
review the content. 

This NEATS assessment was completed by ECRI Institute on February 14, 2018. The information was 
verified by the guideline developer on March 15, 2018. 


Copyright Statement 

Instructions for downloading, use, and reproduction of the American College of Radiology (ACR) 
Appropriateness Criteria® may be found on the ACR Web site I I . 

Disclaimer 

NGC Disclaimer 


The National Guideline Clearinghousea„(t; (NGC) does not develop, produce, approve, or endorse the 
























guidelines represented on this site. 


All guidelines summarized by NGC and hosted on our site are produced under the auspices of medical 
specialty societies, relevant professional associations, public or private organizations, other government 
agencies, health care organizations or plans, and similar entities. 

Guidelines represented on the NGC Web site are submitted by guideline developers, and are screened 
solely to determine that they meet the NGC Inclusion Criteria. 

NGC, AHRQ, and its contractor ECRI Institute make no warranties concerning the content or clinical 
efficacy or effectiveness of the clinical practice guidelines and related materials represented on this site. 
Moreover, the views and opinions of developers or authors of guidelines represented on this site do not 
necessarily state or reflect those of NGC, AHRQ, or its contractor ECRI Institute, and inclusion or hosting 
of guidelines in NGC may not be used for advertising or commercial endorsement purposes. 

Readers with questions regarding guideline content are directed to contact the guideline developer. 


